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1.0 INTRODUCTION 

This Corrective Action Plan (CAP) for Underground Storage Tank (UST) Site 14137, Marine 
Corps Base (MCB) Camp Pendleton, California (Figure 1-1), was prepared by SES-TECH, a 
joint venture between Sealaska Environmental Services, LLC and Tetra Tech FW, Inc.. This 
CAP summarizes site investigation activities, soil excavation activities, confirmation soil 
sampling, recent groundwater monitoring well installation, and post-excavation groundwater 
sampling activities conducted in support of efforts to achieve regulatory site closure. This CAP 
was prepared under the Naval Facilities Engineering Command, Southwest (NAVFAC SW) 
Contract No. N68711-04-D-1104, Contract Task Order No. 0004.  

1.1 SITE IDENTIFICATION 

The following list summarizes site identification data: 

Site Address: Building 14137, 14 Area  
MCB Camp Pendleton, CA  92055 

Facility Name: Combat Skills Training School 

County of San Diego Department of 
Environmental Health (DEH) Case 
No.: 

H05939-267 

Property Owner and Responsible 
Party: 

United States Marine Corps 

MCB Camp Pendleton Contact: Mr. Chet Storrs, Remediation Branch Manager 
Assistant Chief of Staff, Environmental Security 
Building 22165 
MCB Camp Pendleton, CA  92055-5008 
(760) 725-9774 

Remedial Project Manager (RPM): Mr. Bipin Patel 
NAVFAC SW 
1220 Pacific Highway 
San Diego, CA  92132-5181 
(619) 532-4814 

1.2 OBJECTIVES 

The primary objectives of this CAP include: 

• Summarize the site history and assess the impacts of contamination detected in soil and 
groundwater. 

• Identify and evaluate relevant potential corrective action alternatives. 
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• Provide a recommendation regarding the most appropriate corrective action alternatives 
for the site. 

• Meet the requirements of the California Regional Water Quality Control Board (Water 
Board; formerly known as the Regional Water Quality Control Board [RWQCB]) and the 
DEH for the submittal of a CAP. 

UST Site 14137 is regulated under the California State Water Resources Control Board Leaking 
Underground Fuel Tank program as administered by the Water Board, San Diego Region. The 
document guiding the assessment, remediation, and closure process for the site is the San Diego 
County Site Assessment and Mitigation Manual 2004 (San Diego County DEH, 2004). 

The overall purpose of this CAP is to identify and evaluate remedial alternatives for effectively 
and appropriately addressing contamination at UST Site 14137 and to provide a recommendation 
regarding corrective action at the site. This CAP contains seven sections including this 
introduction (Section 1.0): 

• Section 2.0 - description of the site and a summary of previous site activities 

•  Section 3.0 - assessment of current soil and groundwater impacts  

• Section 4.0 – summary of site cleanup goals  

• Section 5.0 - list of alternatives that are appropriate for the site and evaluations on their 
effectiveness, implementability, and cost 

• Section 6.0 - recommendation on the most preferred alternatives  

• Section 7.0 – list of references used to prepare this CAP  
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2.0 SITE DESCRIPTION AND HISTORY 

The following sections provide a brief description of the site and a summary of previous activities. 

2.1 SITE DESCRIPTION  

Building 14137 is located adjacent to the intersection of 18th Street and “G” Street, in the 
14 Area of MCB Camp Pendleton and is used as the Combat Skills Training School Facility 
(Figure 2-1). A 1,000-gallon single-walled, steel-reinforced, concrete UST was installed at the 
northwest side of Building 14137 in 1943. The UST stored diesel fuel for the facility heating 
system and was removed in 1996. 

2.2 INITIAL SITE INVESTIGATION 

After tank integrity testing in 1990 indicated that UST 14137 was leaking, Jacobs Engineering 
Group (JEG) conducted an initial assessment of the site. On December 31, 1991, and January 30 
and 31, 1992, JEG completed a subsurface investigation, including drilling and sampling seven 
soil borings to total depths ranging from 10 to 25 feet below ground surface (bgs) (Figure 2-2). 
Because groundwater was encountered during the site investigation, three soil borings 
(MW14137-1 through 3) were converted to monitoring wells. 

During the assessment activities, soil samples were collected and analyzed for total recoverable 
petroleum hydrocarbons (TRPH) using U.S. Environmental Protection Agency (EPA) Method 
418.1. TRPH results ranged from non-detect (ND) to 252 milligrams per kilogram (mg/kg) 
(Table 2-1 and Figure 2-2).  

2.3 UST REMOVAL 

On October 18, 1996, the UST and associated product piping (approximately 19 feet) were 
removed from the site under the supervision of a Hazardous Materials Specialist from the San 
Diego County DEH. The tank was 7 feet in height (12 inches extended aboveground) and 6 feet 
in diameter. The tank excavation dimensions were approximately 12 feet by 13 feet and 7.5 feet 
in depth.  

Soil samples collected during the tank removal activities were analyzed for total petroleum 
hydrocarbons (TPH) quantified as diesel (TPH-d) and TPH quantified as gasoline (TPH-g) using 
EPA Method 8015 Modified. TPH-d was detected in the two samples collected at 9 feet bgs 
beneath the tank (14137-A and 14137-B) at concentrations of 7,900 mg/kg and 10,000 mg/kg, 
respectively (Table 2-1, Figure 2-2). TPH-g was not detected in any of the soil samples, and 
groundwater was not encountered during the UST removal.  
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2.4 ADDITIONAL SITE ASSESSMENT 

Additional site assessment activities were completed by SOTA Environmental Technology, Inc. 
(SOTA) during two separate field events in 1998 and 2000. In November 1998, SOTA drilled 
and sampled six soil borings to depths ranging from 10 to 15 feet bgs (Figure 2-3). Three of the 
borings (MW14137-4, MW14137-5, and MW14137-6) were subsequently completed as 
groundwater monitoring wells. All soil samples were analyzed for TPH-d and TPH-g by a 
mobile laboratory. The sample with the highest TPH-d concentration was additionally analyzed 
by the mobile laboratory for methyl tert-butyl ether (MTBE) and benzene, toluene, ethylbenzene, 
and total xylenes (BTEX). Approximately 10 percent of the soil samples were submitted to a 
stationary laboratory for reanalysis of TPH-d and TPH-g to confirm the mobile laboratory 
results. The stationary laboratory also performed additional analyses for volatile organic 
compounds (VOCs), polynuclear aromatic hydrocarbon (PAH), Synthetic Precipitation Leaching 
Procedure (SPLP)/TPH-d, SPLP/TPH-g, SPLP/VOC, SPLP/PAH, and various physical, 
biological, and chemical parameter analyses on select soil samples.  

Additionally, during laboratory data quality validation of the 1998 data, it was determined that 
the soil samples that had been analyzed for SPLP in 1998 were analyzed after the method 
holding time. The purpose of the March 2000 SOTA investigation was to collect new soil 
samples for the SPLP analysis to ensure the validity of SPLP results. In addition, all samples 
collected during the March 2000 sampling event were also analyzed by a stationary laboratory 
for TPH-d, TPH-g, VOCs, and PAHs (Table 2-2). In March 2000, additional soil samples were 
collected from one additional soil boring (MW14137-4A) placed approximately 3 feet from 
MW14137-4, which had previously exhibited the highest TPH-d concentrations (the former tank 
cavity). Samples were collected at 10, 15, and 20 feet bgs from this new boring (Figure 2-3).  

The analytical results of the SOTA sampling are described in further detail in the following 
sections: 

Diesel and TRPH in Soil 

The location that exhibited the highest TPH-d concentration in the November 1998 sampling 
event was MW14137-4, located in the former tank cavity (TPH-d was detected up to 730 mg/kg 
at 15 feet bgs). Laboratory analyses of March 2000 soil samples from MW14137-4A at 10, 15 
and 20 feet bgs showed TPH-d concentrations of 5,260 mg/kg; 50 mg/kg; and 26 mg/kg, 
respectively (Table 2-2).  

The locations of soil samples that exhibited TPH-d concentrations at UST Site 14137 are 
consistent with a diesel release. SOTA estimated the extent of diesel contamination to reach no 
farther than 10 to 15 feet laterally from the former UST and 15 feet bgs beneath the former UST. 
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Gasoline, BTEX and MTBE in Soil 

All soil samples were analyzed for TPH-g by a mobile laboratory. In addition, three soil samples 
(from MW14137-4A at 10 feet bgs, 15 feet bgs, and 20 feet bgs) were also analyzed for TPH-g 
by a stationary laboratory. TPH-g was not detected in soil samples analyzed by the mobile 
laboratory; however, TPH-g was reported by the stationary laboratory at a concentration of 300 
mg/kg in the soil sample from MW14137-4A at 10 feet bgs. However, this TPH-g concentration 
was not calculated from a typical gasoline pattern and most of the peaks in the chromatogram 
corresponded to the heavier portion of the chain. Based on this, the detection was determined to 
be more representative of the TPH-d range.  

MTBE was not detected in any soil sample. Insignificant levels of BTEX compounds were 
detected in some of the soil samples at or below the laboratory practical quantification limits 
(Table 2-2).  

Other Volatile Organic Compounds in Soil 

Several VOCs were identified at low concentrations in soil boring MW14137-4 at 5 feet bgs and 
boring MW14137-4A at 10, 15, and 20 feet bgs. The highest concentration measured was for 
1,2,4-trimethylbenzene (260 μg/kg) in boring MW14137-4A at 10 feet bgs. This concentration is 
significantly less than the residential Preliminary Remediation Goal (PRG) of 5.7 mg/kg. 

Polynuclear Aromatic Hydrocarbons in Soil 

Several PAHs were identified at relatively low concentrations in soil borings MW14137-4 and 
MW14137-4A. The highest PAH concentration measured was for phenanthrene (1,240 mg/kg) in 
boring MW14137-4A at 10 feet bgs. The source of PAHs is presumed to be associated with the 
diesel release.  

Synthetic Precipitation Leaching Procedure in Soil 

Due to an oversight, SPLP analysis was performed on the 1998 samples after the hold time had 
been exceeded. The 1998 SPLP results were, therefore, not used and additional soil samples 
were collected in March 2000. SPLP analysis was performed on soil samples collected from 
MW14137-4A because this location had exhibited the highest TPH-d concentrations in soil. The 
sample at 10 feet bgs contained SPLP/TPH-d at 72 milligrams per liter (mg/L), and the sample at 
15 feet bgs contained SPLP/TPH-d at 7.8 mg/L. 

Biological Factors in Soil 

Selected soil samples were submitted for analyses of heterotrophic microorganisms and 
hydrocarbon degraders. Plate counts of heterotrophic microorganisms yielded 1,800 colony 
forming units (cfu) per 10 grams (g). The results indicate that there are naturally occurring 
microorganisms in site soils capable of degrading hydrocarbons.  
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Groundwater Sampling Results 

During the additional site assessment, groundwater samples were collected from the three 
monitoring wells installed by SOTA (MW14137-4, MW14137-5, and MW14137-6) (SOTA, 
2001). The water sample collected from monitoring well MW14137-4, located adjacent to the 
former tank cavity, contained TPH-d and TPH-g at concentrations of 10 mg/L and 0.63 mg/L, 
respectively. However, as with the soil sample previously discussed, TPH-g did not have a 
typical gasoline pattern and most of the peaks in the chromatogram corresponded to the heavier 
portion of the chain. Based on this, the detection was determined to be more representative of the 
TPH-d range. TPH-d was not detected in water samples from monitoring wells MW14137-5 and 
MW14137-6. 

Several VOCs were identified at low concentrations in the water samples collected from each 
well (MW14137-4, MW14137-5, and MW14137-6), including trace levels of trichloroethene 
(TCE) and tetrachloroethene (PCE) and low levels of MTBE and BTEX. Benzene was detected 
at a concentration of 7 μg/L and MTBE was reported at a concentration of 431 μg/L in the water 
sample collected from MW4 (located adjacent to the tank cavity).  

In addition, two PAHs were detected at low concentrations in the water sample from monitoring 
well MW4. Naphthalene was detected at a concentration of 9 μg/L, and pyrene was detected at a 
concentration of 0.5 μg/L. 

Groundwater monitoring well locations and a summary of these groundwater sample results are 
shown in Figure 2-4 and Table 2-3. 

2.5 GROUNDWATER MONITORING WELL ABANDONMENT 

Before soil excavation activities began, existing groundwater monitoring well MW14137-4, 
located adjacent to the former tank cavity, was abandoned. The well in the area of excavation 
was abandoned on January 27, 2006, under San Diego County DEH permit number 
LMON103667. The well was abandoned by over-drilling with an 8-inch diameter auger and 
backfilled with bentonite grout to the ground surface. A copy of the well abandonment permit 
and permit closeout documentation is included in Appendix A. 

2.6 SOIL EXCAVATION ACTIVITIES 

On February 2 and February 3, 2006, TPH-d-impacted soil was excavated from the former tank 
cavity area. The soil excavation, backfill activities, and the results of confirmation sampling are 
discussed in the following sections.  
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2.6.1 Soil Excavation and Confirmation Sampling 

The horizontal dimensions of the excavation were 20 feet by 16.5 feet (Figure 2-5) and the 
excavation extended vertically to 17 feet bgs. A total of approximately 208 cubic yards of soil 
were excavated.  

Soil removed from the excavation was temporarily stockpiled in accordance with RWQCB 95-96 
Guidelines (RWQCB, 1995) prior to being transported off site for disposal. A copy of the 
stockpile waiver certificate is included in Appendix B. The excavated diesel-contaminated soil 
was transported under a non-hazardous waste manifest to Candelaria Environmental in Anza, 
California, for disposal (the waste manifests are also included in Appendix B). 

A total of eight confirmation soil samples and one duplicate sample were collected from the 
excavation sidewalls and bottom. The samples were analyzed for TPH-d at a stationary laboratory. 
Pursuant to the Water Board, the three samples with the highest TPH-d result were also analyzed 
for SPLP/TPH-d, SPLP/VOCs, and SPLP/PAHs. In addition, one of the samples collected from the 
west sidewall (0004-075) was also analyzed for total heterotrophic hydrocarbon degraders and 
diesel-oxidizing degraders. The confirmation soil sample results are summarized on Table 2-4 and 
are shown on Figure 2-5. The laboratory analytical reports are included in Appendix C.  

Soil sample results indicated that no TPH-d contamination remained along the east sidewall and 
relatively low levels of TPH-d remained along the north sidewall (53 mg/kg) and excavation 
bottom (14 mg/kg) (Figure 2-5). The samples with the highest TPH-d results were collected from 
the lower portion of the south sidewall (6,700 mg/kg) and the lower portion of the west sidewall 
(1,600 mg/kg). Visibly contaminated soil extended from 8 to 15 feet bgs on the western sidewall 
and from 7 to 15 feet on the southern sidewall.  

The excavation could not be extended to the south or to the west because of the presence of 
Building 14137. A cross section depicting the excavation, site soils, and detected TPH-d 
concentrations is shown in Figure 2-6.  

The three samples with the highest TPH-d results were also analyzed for SPLP/TPH-d, 
SPLP/VOCs, and SPLP/PAHs (Table 2-4). SPLP/TPH-d was reported in all three samples 
ranging from 5 mg/L to 34 mg/L. SPLP/VOC results indicated that low levels of leachable 
ethylbenzene, xylenes, and toluene were present up to 5.3 micrograms per liter (µg/L), 7.9 µg/L, 
and 0.65 µg/L, respectively. Four leachable PAHs were detected: including acenaphthene (up to 
6.3 µg/L), fluorene (up to 23 µg/L), naphthalene (up to 65 µg/L), and phenanthrene (up to 
43 µg/L). Pyrene was also reported in one of the samples at a trace (estimated) concentration of 
2.2 µg/L (Table 2-4).  

One sample from the west sidewall was also submitted for analysis of total heterotrophic 
hydrocarbon degraders and diesel-oxidizing degraders. Results indicated that 2.5E+03 total aerobic  
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heterotrophic bacteria are present and 1.66E+03 total diesel oxidizing bacteria are naturally 
present in site soils (Table 2-4). These bacteria are capable of degrading the hydrocarbon 
contamination at the site and are present at levels above that considered optimal (1.0E+3) (EPA, 
1995). 

2.6.2 Soil Excavation Backfilling 

Backfilling the excavation was completed on February 3, 2006, with fill material from the MCB 
Camp Pendleton borrow pit (Three Mile Pit). The backfill material was sampled and analyzed for 
TPH-d EPA Method 8015M), pH (EPA Method 9045), Title 22 Metals (EPA Method 6010B), and 
asbestos (California Air Resources Board Method 435). Analytical results from the backfill 
material were within acceptance limits specified in the project Work Plan (SES-TECH, 2005) for 
all parameters except thallium (Table 2-5). Thallium was detected at 7.23 mg/kg, which is slightly 
above the residential PRG of 5.2 mg/kg (EPA, 2004). Arsenic was also reported in the fill material 
above its residential PRG; however, the level was below the average background level for arsenic 
in surface soils at MCB Camp Pendleton (Southwest Division Naval Facilities Engineering 
Command, 1997). Analytical laboratory reports from the fill material are included in Appendix C. 
The fill material was placed in 1-foot lifts using a front-end loader, with the goal of a minimal 90 
percent compaction. Ninyo and Moore performed compaction tests on each 1-foot lift from 5 feet 
bgs to surface to ensure that the required compaction level had been achieved. All results were 
between 92 and 97 percent compaction. The compaction report is included as Appendix D. 

2.7 GROUNDWATER MONITORING WELL INSTALLATION 

Pursuant to a request from the Water Board, after the excavation, well MW14137-7 was installed 
along the southwest side of Building 14137, downgradient from the former tank cavity, as shown 
in Figure 2-7. The permit for both the abandonment and new well installation and the boring/well 
installation log for the new well are included in Appendix A. The well drilling was performed 
February 21, 2006, by Test America Drilling using a hollow-stem auger drilling rig. The well was 
installed to 15 feet bgs and was completed with 4-inch-diameter polyvinyl chloride (PVC) blank 
casing and 0.010-inch PVC screen. The well screen was installed between 5 and 15 feet bgs.  

The new well was developed after construction to clear the screen and filter-pack of fine 
materials that could possibly clog the screen slots and reduce the effectiveness of the screen. The 
well was developed by surging and bailing. All soil cuttings were transported under a non-
hazardous waste manifest to US Ecology in Beatty, Nevada, for disposal, and all 
decontamination water and well development water were transported under a non-hazardous 
waste manifest to K-Pure in Rancho Cucamonga, California, for disposal (the waste manifests 
are included in Appendix E). 
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After installation of the new well, a topographic survey was performed to delineate the location 
and elevation of the well. Measurements were to an accuracy of 0.1 foot horizontally and 0.01 
foot vertically, and were in accordance with North American Datum 83 and North American 
Vertical Datum 88, respectively. The results of the survey are included on the boring log 
included with the well permit in Appendix A. 

2.8 POST-EXCAVATION GROUNDWATER SAMPLING 

On March 14, 2006, after the completion of soil excavation activities (Section 2.6) and the 
installation of new well MW14137-7, a groundwater sampling event was completed.  

Groundwater samples were subsequently collected using low-flow sampling methodology and 
were submitted for laboratory analyses of TPH-d (EPA Method 8015B), VOCs (EPA Method 
8260B), and PAHs (EPA Method 8310). Results are summarized on Table 2-3 and Figure 2-7. 
TPH-d was detected in MW14137-2, located cross-gradient of the former tank cavity, at a 
concentration of 2.2 mg/L. No TPH-d was detected in wells MW14137-1, MW14137-3, 
MW14137-5, and MW14137-6, located cross-gradient and downgradient of the former UST. 
Low concentrations of TPH-d were detected at MW14137-7, located downgradient of the former 
UST at 0.25 and 0.26 µg/L for the sample and duplicate, respectively. Trace concentrations of 
bromodichloromethane and dibromodichloromethane were also detected in groundwater 
retrieved from MW14137-7. MTBE was detected at MW14137-2 at a concentration of 9.5 µg/L 
and at trace concentrations in MW14137-7. No PAHs were detected in any water sample. The 
laboratory analytical reports and chain-of-custody form are included in Appendix E.  

Prior to sampling, the depth to groundwater was measured at each well. Groundwater elevation 
data indicated that groundwater was flowing to the south to southeast with a gradient of 
approximately 0.03 feet/foot. The depth to groundwater at the site ranged from 6.74 to 7.82 feet 
bgs. Groundwater elevations are summarized on Table 2-6, and elevation contours are shown on 
Figure 2-7. 

The analytical results were successfully uploaded to the Water Board Geotracker database 
(confirmation number 9669965982). 
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3.0 ASSESSMENT OF IMPACTS 

This section presents information regarding the nature and extent of contamination, site 
hydrogeology, and an evaluation of potential impacts to nearby resources. 

3.1 NATURE AND EXTENT OF CONTAMINATION 

Data from site activities indicate that both soil and groundwater have been impacted with 
petroleum hydrocarbons. Brief descriptions of these impacts are summarized below. 

3.1.1 Soil  

Soil sample results from the previous site assessment activities (Sections 2.2 and 2.4) suggested 
that the highest levels of diesel contamination extended from the former tank cavity vertically to 
approximately 15 feet bgs and did not extend horizontally more than approximately 10 to 15 feet 
from the former UST. 

In February 2006, approximately 208 cubic yards of diesel-impacted soil were excavated from 
the former tank cavity area (Section 2.6). The excavation extended horizontally 20 feet by 16.5 
feet and vertically to 17 feet bgs (Figure 2-5). The horizontal extent of the excavation was 
limited to the south and west due to the presence of Building 14137. Laboratory results from 
confirmation soil samples indicated that no detectable TPH-d was present on the east sidewall 
and TPH-d was present at low levels (14 to 53 mg/kg) along the north sidewall and the 
excavation bottom. TPH-d, however, was present at relatively high levels along the deep portions 
of the west and south sidewalls (up to 6,700 mg/kg).  

To calculate the volume of the remaining impacted soil near the former tank cavity, it is 
estimated that impacted soil extends horizontally approximately 5 feet from the west and south 
sidewalls and is present between approximately 8 to 15 feet bgs on the western sidewall (20 feet 
long sidewall) and between approximately 7 to 15 feet bgs along the southern sidewall (16.5 feet 
long sidewall). Based on these assumptions, the estimated volume of impacted soil remaining at 
the site is approximately 50 cubic yards (cu yds). 

3.1.2 Groundwater 

Analytical data collected during the most recent groundwater sampling event (March 2006) 
indicated that TPH-d contamination was present in MW14137-2, located cross-gradient of the 
former tank cavity, at a concentration of 2.2 mg/L. TPH-d was not detected in wells MW14137-1, 
MW14137-3, MW14137-5, and MW14137-6, also located cross-gradient and downgradient of the 
former UST. Very low concentrations of TPH-d were detected at MW14137-7, located 
downgradient of the former UST, at 2.5 and 2.6 µg/L for the sample and duplicate, respectively. 
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MTBE was detected at MW14137-2 at a concentration of 9.5 µg/L and at trace concentrations in 
MW14137-7. 

3.2 GEOLOGY AND HYDROGEOLOGY 

MCB Camp Pendleton is situated in the Peninsular Ranges Geomorphic Province. In the east, the 
province consists of mountain ranges (Peninsular Ranges) that divide the Colorado Desert 
Geomorphic Province from this province. Geomorphic characteristics found in the province 
include mountain slopes, foothills, inland valleys, coastal valleys, coastal slopes, and coastal 
plains. Generally, MCB Camp Pendleton contains all these features, which slope to the west 
from the mountains located near the eastern border of the Base (with the exception of a low 
coastal mountain range). 

The geology at UST Site 14137 primarily consists of a relatively thin layer of artificial fill 
material consisting of brown silty sand with some gravel overlying weathered granitic bedrock. 
The weathered granitic bedrock is first encountered approximately 5 to 10 feet bgs and is part of 
a Cretaceous igneous intrusion that underlies this part of the Base. 

The site is relatively flat and the nearest surface water body, a tributary of Pilgrim Creek, is 
approximately 350 feet south of the site. Surface water from Pilgrim Creek has designated 
beneficial uses for agricultural supply, industrial service supply, contact water recreation, non-
contact water recreation, warm freshwater habitat, and wildlife habitat. 

Groundwater generally occurs at UST Site 14137 at approximately 7 to 8 feet bgs. According to 
the Water Quality Control Plan for the San Diego Basin (RWQCB, 1994), UST Site 14137 is 
located in the Mission Hydrologic Subarea of the Lower San Luis Hydrologic Area within the 
San Luis Rey Hydrologic Unit. Groundwater in this area has beneficial uses including municipal 
and domestic supply, agricultural supply, industrial process supply, and industrial service supply. 
However, no groundwater supply wells are located within 1.5 miles of the site. 

3.3 EVALUATION OF POTENTIAL IMPACTS  

Groundwater at MCB Camp Pendleton has designated municipal/domestic use. To assess the 
potential UST Site 14137 may have to impact groundwater and other nearby resources, the site 
was evaluated with criteria related to the effectiveness of the contaminant source removal, site 
characterization, stability of the groundwater plume, identification of potential nearby sensitive 
receptors, and whether the site poses a significant risk to human health or the environment. The 
criteria are presented below, along with applicable information from the site. 

14137 Final CAP.doc 3-2 Final Corrective Action Plan 
UST Site 14137, MCB Camp Pendleton 

DCN: SES-TECH-06-0060 
CTO No. 0004, 06/09/06 



 

1. The leak has been stopped and ongoing sources have been removed or remediated to the 
extent practicable. 

• The former diesel underground storage tank and the associated piping were removed 
from the site in October 1996 (Section 2.3). 

• In February 2006, a total of approximately 208 cubic yards of hydrocarbon-impacted 
soil were excavated from the former tank cavity area (Section 2.6). After the 
excavation, soil confirmation samples did not detect TPH-d on the east sidewall and 
low levels of TPH-d (14 to 53 mg/kg) were present along the north sidewall and the 
excavation bottom. TPH-d was detected in the lower portion of the south sidewall 
(6,700 mg/kg TPH-d) and the lower portion of the west sidewall (1,600 mg/kg TPH-d), 
but the excavation could not be extended to the west and south because of the presence 
of Building 14137. It is estimated that approximately 50 cubic yards of TPH-d-impacted 
soil remain at the site.  

2. The site has been adequately characterized. 

• An initial site investigation was completed on December 31, 1991, and January 30 and 
31, 1992. Seven soil borings were drilled and sampled to total depths ranging from 10 
to 25 feet bgs, and three of the borings were completed as groundwater monitoring 
wells (Section 2.2).  

• Additional site assessment activities were completed in 1998 and 2000 to further 
characterize the nature and extent of hydrocarbon contamination in soil and 
groundwater. A total of six soil borings were drilled and sampled up to 20 feet bgs, 
and three of the borings were completed as groundwater monitoring wells (Section 
2.4). One round of groundwater sampling was completed. 

• Soil excavation activities were completed in February 2006 to remove as much 
hydrocarbon-impacted soil as practical (Section 2.6). After the excavation, eight 
confirmation soil samples, plus one duplicate, were collected from the excavation 
sidewalls and bottom to characterize the amount of TPH-d in remaining soils. Selected 
samples were additionally analyzed for SPLP/TPH-d, SPLP/VOCs, SPLP/PAHs, and 
total heterotrophic hydrocarbon degraders and diesel-oxidizing degraders. Results 
indicated that hydrocarbon degrading populations are naturally present in subsurface 
soils. These results were discussed in detail in Section 2.6.1.  

• Based on the above listed drilling, sampling, and soil excavation activities, it is 
believed soil impacts at the site have been adequately characterized.  

3. The dissolved hydrocarbon plume is not migrating. 

• During the recently completed groundwater sampling event (March 2006), relatively 
low levels of TPH-d were detected in groundwater. The maximum level of TPH-d 
detected was 2.2 mg/L at MW14137-2, located cross-gradient of the former UST. 
Very low concentrations of TPH-d (0.25 mg/L) were detected at MW14137-7, 
downgradient of the former UST. No detectable concentrations of TPH-d were 
detected in other cross-gradient wells.  
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4. No water wells, deeper drinking water aquifers, surface water, or sensitive receptors are 
likely to be impacted. 

• Based on the Marine Corps Base Camp Pendleton Environmental Operations Map 
(MCB Camp Pendleton, 2003), the nearest potential sensitive receptor is a riparian 
habitat area approximately 150 feet east of the site. In addition, a California gnatcatcher 
150-meter buffer zone is approximately 300 feet northeast of the site. None of these 
areas are expected to be impacted by UST Site 14137.  

• The nearest municipal groundwater supply well is over 1.5 miles west of the site and is 
not expected to be impacted. 

• The nearest surface water body, a tributary of Pilgrim Creek, is approximately 350 feet 
south of the site. Because of the relatively low hydraulic gradients across the site, the 
apparent relatively low levels of groundwater contamination, and the remaining low 
volume of impacted soil beneath Building 14137, the potential for nearby surface 
water bodies to be impacted by UST Site 14137 is considered insignificant.  

5. The site presents no significant risk to human health. 

• It is extremely unlikely for humans to be exposed to impacted soil because the 
remaining impacted soil is beneath Building 14137.  

• The only potential for human exposure to contaminants in groundwater is through 
nearby water supply wells. However, the potential for exposure through groundwater 
is not anticipated because of the long distance to the nearest supply well (over 1.5 
miles). 

6. The site presents no significant risk to the environment. 

• The nearest potential sensitive receptor is a riparian habitat area approximately 150 
feet east of the site. For the same reasons that nearby surface waste is not anticipated 
to be at risk, environment and nearby ecological receptors are not at risk. The riparian 
habitat is not located near the remaining impacted soil, which is beneath Building 
14137.  

Based on the above criteria, it is believed that the soil at UST Site 14137 has been adequately 
characterized. It is believed that since the volume of remaining hydrocarbon-impacted soil is 
relatively small and there are abundant hydrocarbon degraders naturally present in site soils, the 
soil does not present a significant risk to human health or the environment. However, because of 
the limited amount of groundwater sampling that has occurred at the site, especially at new well 
MW14137-7 located downgradient to the former tank cavity, it is believed that the Water Board 
will require additional groundwater sampling before site closure can be thoroughly evaluated. 
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4.0 ASSESSMENT OF CLEANUP REQUIREMENTS 

Remediation of UST Site 14137 is monitored by the Water Board, San Diego Region, which has 
final review and signature authority for closure. The San Diego County Site Assessment and 
Mitigation Manual 2004 (San Diego County DEH, 2004) provides a framework for investigating 
and remediating releases of petroleum products; however, cleanup goals are specified in other 
regulations and guidance. Applicable regulations and guidance for UST sites come from state 
and federal codes, various resolutions, and guidance documents. The following sections focus on 
cleanup levels and regulations guiding corrective action for residual contamination. 

4.1 APPLICABLE CLEANUP LEVELS 

Cleanup levels for UST Site 14137 are directly related to the Basin Plan (RWQCB, 1994). The 
Basin Plan provides cleanup standards, water quality objectives (WQOs) or Maximum 
Contaminant Levels (MCLs), for groundwater hydrologic units based on beneficial-use 
designations. A hydrologic unit may be designated for one or more of 23 beneficial uses, such as 
municipal and domestic supply, agricultural supply, industrial service supply, and so forth. The 
WQOs for a hydrologic unit must be protective of the most sensitive beneficial use designated 
for the applicable hydrologic unit. The municipal supply category, which includes sources of 
drinking water, requires the most protective standards for groundwater. 

The Water Board has designated all groundwater at MCB Camp Pendleton located east of 
Interstate 5 to be current or potential sources of drinking water. Groundwater designated for use 
“as domestic or municipal supply shall not contain concentrations of chemical constituents in 
excess of MCLs” nor shall these waters “contain taste and odor producing substances in 
concentrations which cause nuisance or adversely affect beneficial uses” (RWQCB, 1994). 
Therefore, groundwater that is considered a potential source of drinking water cannot contain 
contaminant concentrations in excess of MCLs (or WQOs) and/or taste and odor water quality 
thresholds. Cleanup goals for soils are established so that impacted soil does not have the potential 
to leach contaminants into groundwater at levels above the groundwater cleanup goals. Therefore, 
as summarized in Table 4-1 and based on the above requirements, groundwater and soil cleanup 
goals for typical diesel fuel constituents are directly related to WQOs and MCLs. 

4.2 CORRECTIVE ACTION 

In addition to regulatory requirements on cleanup levels, California regulations specify 
corrective action requirements for restoring sites to appropriate cleanup levels. In particular, 
California State Water Resources Control Board Resolution No. 92-49 (as amended on April 21, 
1994 and October 2, 1996) provides policies and procedures for corrective action of 
unauthorized discharges under Water Code Section 13304. This resolution directs that water 
affected by an unauthorized release attain either background water quality or the best water 
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quality that is reasonable if background water quality cannot be restored; however, it does not 
require that the requisite level of water quality be met at the time of site closure. Also, according 
to Resolution 92-49, site cleanup must be “consistent with the maximum benefit to the people of 
state” considering “all demands being made and to be made on those waters and the total values 
involved, beneficial and detrimental, economic and social, tangible and intangible.” Therefore, 
corrective action should be reasonable and cost effective with respect to the site-specific 
conditions. 

In Section 5.0, remedial alternatives for UST Site 14137 are identified and evaluated in terms of 
effectiveness, implementability, and cost. 
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5.0 IDENTIFICATION AND  
EVALUATION OF REMEDIAL ALTERNATIVES 

This section presents the screening and evaluation process for identifying appropriate remedial 
alternatives for UST Site 14137. Remedial alternatives screened and evaluated in this CAP are 
directed at both soil and groundwater. A range of remedial technologies are identified and 
screened in Section 5.1 in order to select technologies that are expected to be effective, 
implementable, and cost-effective based on site-specific conditions. Technologies that are not 
appropriate for the site are eliminated early to streamline the technology evaluation process. 

5.1 REMEDIAL TECHNOLOGY SCREENING 

The Water Board requires that a minimum of two corrective action strategies be evaluated. To 
identify the two most appropriate potential technologies for both soil and groundwater, a variety 
of remedial options were initially screened. A summary of the screening process for soils is 
included in Table 5-1, and for groundwater, it is included on Table 5-2. The purpose of this 
screening is to identify and eliminate from further consideration remedial technologies that, 
because of site-specific conditions or costs, are not the most feasible and/or practical. Based on 
the screening (see Tables 5-1 and 5-2), the remedial action technologies determined to be the 
most practical for soil and groundwater at UST Site 14137 are: 

Soil Remediation Alternatives: 

• Alternative 1: No Further Action 

• Alternative 2: Excavation with Off-site Disposal 

Groundwater Remediation Alternatives: 

• Alternative 1: No Further Action 

• Alternative 2: Remediation by Monitored Natural Attenuation (MNA) 

The following sections describe each above identified alternative and include evaluations of 
effectiveness, implementability, and cost. The evaluation of effectiveness includes consideration of 
overall protection of human health and the environment and both the long-term and short-term 
effectiveness of each alternative. Evaluation of the implementability of each alternative includes 
consideration of the technical and administrative feasibility. The cost evaluation of each alternative 
is based upon estimates for capital costs and, if applicable, long-term monitoring costs. Water 
Board acceptance of the CAP requires that the responsible party address the Water Board’s 
comments and concerns for each alternative. The Water Board’s acceptance may also not be 
completed until the public has had a chance to comment on the CAP and the comments have been 
addressed. 
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5.2 REMEDIAL ALTERNATIVES FOR SOIL 

The following sections describe the two most applicable remedial alternatives, as determined 
during the alternative screening (Table 5-1), for remaining impacted soil at UST Site 14137. 

5.2.1 Alternative 1: No Further Action 

Under the no further action alternative, no additional soil remediation is proposed for the site. 
The remaining estimated 50 cubic yards of impacted soil would be left in place and is expected 
to further remediate via natural processes. Since the remaining contamination is minimal and 
nearby sensitive receptors, drinking water wells, surface water bodies, and so forth, are not 
expected to be adversely impacted (Section 3.3), the expense associated with additional active 
remediation would be an unnecessary use of public resources.  

5.2.1.1 Effectiveness 

The no further action alternative is expected to provide for permanent long-term reduction of 
remaining hydrocarbon contamination in soil at UST Site 14137. This would be effective in 
consideration of the following: 

• The source of the diesel contamination, the leaking UST, has been removed. 

• Soil excavation activities removed a majority of diesel-impacted soils at the former tank 
cavity. The soil excavation removed approximately 208 yards of impacted soil and 
extended to 17 feet bgs, which is approximately 9 to 10 feet below groundwater.  

• Laboratory results from excavation confirmation soil samples indicated that no detectable 
TPH-d was present on the east sidewall and TPH-d was present at low levels (14 to 
53 mg/kg) along the north sidewall and the excavation bottom. However, TPH-d was 
present along the deep portions of the west and south sidewalls (up to 6,700 mg/kg). The 
excavation could not be extended to the west and south due to the presence of Building 
14137. 

• Groundwater data from the most recent groundwater sampling event (March 2006) 
indicated that TPH-d contamination was present in MW14137-2, located cross-gradient of 
the former tank cavity (2.2 mg/L), and in MW14137-7 at low concentrations 
approximately 80 feet downgradient. These results indicate that potential groundwater 
contamination around the former tank cavity has not migrated downgradient to any 
significant extent.  

• It is estimated that approximately 50 cubic yards of hydrocarbon-impacted soil remain at 
the site. This estimate is based on results from excavation confirmation samples and the 
assumption that contamination extends approximately 5 feet beyond the south and west 
sidewalls of the excavation under Building 14137. 

• A soil sample collected from the west sidewall of the excavation (at approximately 13 feet 
bgs) was analyzed for the presence of total aerobic heterotrophic bacteria and total diesel-
oxidizing bacteria. Results indicated that 2.5E+03 total aerobic heterotrophic bacteria and 
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1.66E+03 total diesel-oxidizing bacteria are naturally present in site soils. The bacteria 
populations are considered optimal by EPA for natural attenuation (EPA, 1995).  

• Based on the distance to the nearest municipal supply well (1.5 miles) and the distance to 
the nearest sensitive ecological receptor (riparian habitat approximately 150 feet to the 
east), the likelihood of diesel contamination from this site impacting human or sensitive 
ecological receptors is considered insignificant. 

Considering current site conditions, the no further action alternative is considered an effective 
alternative that is protective of human health and the environment. 

5.2.1.2 Implementability 

The no further action alternative for soil at the site is easy to implement because no further 
remediation activities would be conducted.  

5.2.1.3 Cost 

There are no costs associated with the no further action alternative for soil.  

5.2.2 Alternative 2: Excavation with Off-Site Disposal 

Excavation with off-site disposal includes removing the remaining TPH-d-impacted soils from 
along the west and south sidewalls of the previous excavation beneath Building 14137. It is 
estimated that approximately 50 cubic yards of hydrocarbon-impacted soil remain on the site. 
Alternative screening analyses (Table 5-1) indicated that potential in situ remedial options would 
not be effective because of the relatively impermeable soils (decomposed granitic rock) present 
at the site. 

Before the excavation would begin, the overhead electrical and communication lines located near 
the former tank cavity would need to be rerouted. To remove impacted soil along the sidewalls 
beneath Building 14137 would require supporting the building. The excavation would also likely 
require shoring since the excavation would extend approximately 10 feet below groundwater. 
The excavation would proceed until the presence of hydrocarbon contamination was no longer 
present and confirmation samples indicated that soil cleanup levels were met. The excavation 
would then be backfilled and the overhead utilities placed back into their original configuration. 

5.2.2.1 Effectiveness 

For soils, excavation and off-site disposal is a very effective alternative as it protects human 
health and the environment by removing the contamination and transferring it to an appropriately 
permitted facility. Excavation provides a permanent removal of the impacted soils.  
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5.2.2.2 Implementability 

Excavation is a well-established, conventional technology for remediating contaminated soil; 
however, excavation of the current remaining impacted soils at UST Site 14137 is considered 
difficult since the impacted areas are located beneath Building 14137, and groundwater is present 
at approximately 7 to 8 feet bgs. 

5.2.2.3 Cost 

The following assumptions were made to develop a cost estimate for the excavation with off-site 
disposal alternative: 

• An estimated 100 cubic yards of soil, including the estimated 50 cubic yards of 
impacted soil, would be excavated. The impacted soils would be transported off site 
for disposal as a non-hazardous waste.  

• Prior to the excavation activities, an engineering plan would be required to determine 
the best method of supporting Building 14137, since the building is located above the 
soil contamination. 

• Since two sides of Building 14137 are located near the area of excavation, shoring 
would also be required to protect the Building.  

• The above ground electrical and communication lines around the former tank cavity 
would need to be temporarily rerouted prior to the excavation. 

The total estimated cost for the excavation with off-site disposal alternative is approximately 
$114,250. A general breakdown of the estimated costs is included below: 

Task Estimated Cost
Remedial Action Work Plan (draft and final versions) $15,000 
Utility rerouting ($3,000), building support ($15,000), and 
shoring ($10,000) $29,000 

Soil excavation, backfill, and site restoration  
(approximately 100 cubic yards of soil, estimated $125/yard) 

$12,500 

Confirmation soil sample analyses  
[10 x $90 (TPH-d) + 10 x $180 (VOCs) + 10 x $176 (PAHs)] 

$4,500 

Transport and dispose of contaminated soil  
(100 cubic yards = 150 tons) ($55/ton) 

$8,250 

Site supervision  
(2.5 weeks for construction supervisor at $110/hour and health 
and safety support at $85/hour) 

$25,000  

Site Closure Report (draft and final versions) $20,000 
Total Estimated Cost: $114,250 
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5.3 REMEDIAL ALTERNATIVES FOR GROUNDWATER 

The following sections describe the two most applicable remedial alternatives, as determined 
during the alternative screening (Table 5-2), for impacted groundwater at UST Site 14137. 

5.3.1 Groundwater Alternative 1: No Further Action 

Under the no further action alternative, no groundwater remediation is proposed for the site. It is, 
however, presumed that: 

1. The relatively low levels of TPH-d currently present in groundwater will be remediated 
via natural processes.  

2. Nearby sensitive receptors have been identified and are not anticipated to be adversely 
impacted. 

It is believed that the minor amounts of diesel components currently present in groundwater (up 
to 2.2 mg/L of TPH-d) will degrade naturally over time. It is implicit in this alternative that, as 
contamination levels are low, and there is evidence that hydrocarbon degraders are naturally 
present in aquifer soils, the expense associated with active remediation would be an unnecessary 
use of public resources. 

5.3.1.1 Effectiveness 

The no further action alternative for groundwater would be effective in providing protection of 
human health and the environment in consideration of the following: 

• The source of the diesel contamination, the leaking UST, has been removed. 

• Soil excavation activities removed a majority of diesel-impacted soils at the former tank 
cavity. The soil excavation removed approximately 208 yards of impacted soil and 
extended to 17 feet bgs, which is approximately 9 to 10 feet below groundwater.  

• Groundwater data from the most recent groundwater sampling event (March 2006) 
indicated that TPH-d contamination was present in MW14137-2, located cross-gradient of 
the former tank cavity (2.2 mg/L), and in MW14137-7 at low concentrations 
approximately 80 feet downgradient. These results indicate that potential groundwater 
contamination around the former tank cavity has not migrated downgradient to any 
significant extent.  

• A soil sample collected from the west sidewall of the excavation (at approximately 13 feet 
bgs) was analyzed for the presence of total aerobic heterotrophic bacteria and total diesel-
oxidizing bacteria. Results indicated that 2.5E+03 total aerobic heterotrophic bacteria and 
1.66E+03 total diesel-oxidizing bacteria are naturally present in aquifer soils. The bacteria 
populations are considered optimal by EPA for natural attenuation (EPA, 1995).  

• Based on the distance to the nearest municipal supply well (1.5 miles) and the distance to 
the nearest sensitive ecological receptor (riparian habitat approximately 150 feet to the 
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east), the likelihood of diesel contamination from this site impacting human or sensitive 
ecological receptors is considered insignificant. 

Considering site conditions, the no further action alternative for groundwater is considered an 
effective alternative that is protective of human health and the environment. 

5.3.1.2 Implementability 

The no further action alternative for groundwater is very easy to implement, as no groundwater 
remediation or monitoring activities would be conducted. After regulatory approval for closure, 
the groundwater monitoring wells at the site would be properly destroyed. 

5.3.1.3 Cost 

The only costs associated with the No Further Action alternative would be to properly destroy and 
document the destruction of the existing groundwater monitoring wells. The estimated cost is for 
the no further action alternative is $16,385.  

A summary of estimated costs is presented below: 

Task Estimated Cost

Well destruction permits (six wells) $785 

Drilling subcontractor ($900 x 6 wells) $5,400 

Labor for subcontractor coordination and oversight $3,500 

Transport and dispose of well abandonment debris 
and soil cuttings $3,200 

Well destruction documentation  $3,500

Total Estimated Cost: $16,385 

 

5.3.2 Alternative 2: Remediation by Monitored Natural Attenuation  

Alternative 2, remediation by MNA, relies on natural attenuation mechanisms for the 
remediation of residual groundwater contamination, and for this alternative, it is proposed that 
MNA include periodic groundwater monitoring to verify that natural attenuation processes are 
occurring. With regard to groundwater, natural attenuation is generally defined as a process by 
which contaminants are degraded, or reduced in concentration, by various naturally occurring 
processes. Major natural attenuation processes include biodegradation, dispersion, dilution, 
volatilization, and adsorption. The MNA alternative for groundwater is expected to provide for 
permanent, long-term reduction of contaminants. 
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5.3.2.1 Effectiveness 

For groundwater, MNA is expected to effectively provide for protection of human health and the 
environment for the same reasons as described above for the no further action alternative. Those 
reasons are reiterated here: 

• The source of the diesel contamination, the leaking UST, has been removed. 

• Soil excavation activities removed a majority of diesel-impacted soils at the former tank 
cavity. The soil excavation removed approximately 208 yards of impacted soil and 
extended to 17 feet bgs, which is approximately 9 to 10 feet below groundwater.  

• Groundwater data from the most recent groundwater sampling event (March 2006) 
indicated that TPH-d contamination was present in MW14137-2, located cross-gradient of 
the former tank cavity (2.2 mg/L), and in MW14137-7 at low concentrations 
approximately 80 feet downgradient. These results indicate that potential groundwater 
contamination around the former tank cavity has not migrated downgradient to any 
significant extent.  

• A soil sample collected from the west sidewall of the excavation (at approximately 13 feet 
bgs) was analyzed for the presence of total aerobic heterotrophic bacteria and total diesel-
oxidizing bacteria. Results indicated that 2.5E+03 total aerobic heterotrophic bacteria and 
1.66E+03 total diesel-oxidizing bacteria are naturally present in site soils. The bacteria 
populations are considered optimal by EPA for natural attenuation (EPA, 1995).  

• Based on the distance to the nearest municipal supply well (1.5 miles) and the distance to 
the nearest sensitive ecological receptor (riparian habitat approximately 150 feet to the 
east), the likelihood of diesel contamination from this site impacting human or sensitive 
ecological receptors is considered insignificant. 

In consideration of these points, the MNA for groundwater alternative is considered an effective 
remedial alternative for this site. 

5.3.2.2 Implementability 

MNA is moderately easy to implement, as no active remediation activities would be conducted. 
Implementation of MNA would consist of collecting groundwater samples from existing 
monitoring wells over time to assess contaminant concentrations and biological activity.  

5.3.2.3 Cost 

The following assumptions were made to develop a cost estimate for the MNA alternative for 
groundwater: 

• One year of quarterly groundwater monitoring would be required to confirm that 
levels of groundwater contamination are not increasing and the plume is not 
expanding. 
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• Fate and transport modeling will not be required to predict contaminant reduction 
and/or migration, nor would a contingency plan be required to address the possibility 
that contaminant reduction will not occur as estimated, because: 1) contaminants are 
already low in wells located downgradient from the former tank cavity and 2) impacts 
to human or sensitive ecological receptors are not expected. 

The total cost associated with the MNA alternative for groundwater (including properly 
abandoning and documenting the destruction of the existing groundwater monitoring wells at 
closure) is approximately $87,653. A general breakdown of the estimated costs is included 
below: 

Task Estimated Cost
Quarterly groundwater sampling field labor for 1 year 
(4 events x 2 persons x 10 hrs/event x $85/hr) $6,800 

Groundwater sample analysis (7 samples TPH-d 
($90)/event + 7 samples VOCs ($180)/event + 7 samples 
PAHs ($176)/event)  

$12,488 

Transport and dispose well purge water (4 events) $3,400 

Quarterly Groundwater Sampling Reports  
($9,500/report x 4 reports) $38,000 

Closure Report $12,000 

Well destruction and documentation (see Section 5.3.1.3) $14,965 

Total Estimated Cost: $87,653 
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6.0 RECOMMENDATIONS 

The no further action alternative for soil and the MNA alternative for groundwater are the 
requested alternatives for UST Site 14137. This request is supported based on the following: 

• Source Removal. In 1996, the UST and associated piping were removed from the site. 
In February 2006, TPH-d-impacted soil was excavated (208 cubic yards) to the extent 
practical around the former tank cavity. After the excavation, soil confirmation 
samples did not detect TPH-d on the east sidewall, and low levels of TPH-d (14 to 
53 mg/kg) were present along the north sidewall and the excavation bottom. TPH-d 
was detected in the lower portion of the south sidewall (6,700 mg/kg TPH-d) and the 
lower portion of the west sidewall (1,600 mg/kg TPH-d), but the excavation could not 
be extended to the west and south because of the presence of Building 14137. It is 
estimated that approximately 50 cubic yards of TPH-d-impacted soil remains at the site 
(Section 3.1.1). The costs estimated to remove the remaining impacted soil from beneath 
the building are considered high (Section 5.2.2.3) and are not believed to be warranted 
for the relatively small amount of hydrocarbon contamination remaining.  

It is believed that since the remaining small volume of impacted soil does not present a 
significant risk to human health or the environment (see Section 3.3) and naturally 
occurring total aerobic heterotrophic bacteria and total diesel-oxidizing bacteria in soil 
are present at levels above those considered optimal (EPA, 1995), no further action for 
soil is an effective and cost efficient alternative for Site 14137.  

• Extent of Remaining Soil Contamination. Soil excavation activities around the 
former tank cavity extended horizontally 20 feet by 16.5 feet and vertically to 17 feet 
bgs. Laboratory results from confirmation soil samples indicated that no detectable 
TPH-d was present on the east sidewall and TPH-d was present at low levels (14 to 53 
mg/kg) along the north sidewall and the excavation bottom, but was present along the 
deep portions of the west and south sidewalls (up to 6,700 mg/kg). The impacted soil 
remaining near the former tank cavity is estimated to extend approximately 5 feet from 
the west and south sidewalls beneath Building 14137 between approximately 8 to 15 
feet bgs on the western sidewall and between approximately 7 to 15 feet bgs along the 
southern sidewall. It is estimated that approximately 50 cubic yards of TPH-d-
impacted soil remain at the site. 

• Groundwater Plume Stability. Groundwater data from the most recent groundwater 
sampling event (March 2006) indicated that TPH-d contamination was present in 
MW14137-2, located cross-gradient of the former tank cavity (2.2 mg/L), and in 
MW14137-7 at low concentrations approximately 80 feet downgradient. These results 
indicate that potential groundwater contamination around the former tank cavity has 
not migrated downgradient to any significant extent. However, because of the 
relatively limited amount of groundwater sampling that has occurred at the site, 
especially at new well MW14137-7 located downgradient of the site, it cannot be 
concluded with any certainty that the plume is not expanding.  

• Risk. Based on the distance to the nearest municipal supply well (1.5 miles), the 
distance to the nearest surface water (a small tributary to Pilgrim Creek approximately 
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350 feet south of the site), the absence of significant groundwater contaminants 
downgradient of the former tank cavity, the low volume of remaining soil 
contamination (estimated 50 cubic yards), the distance to the nearest sensitive 
ecological receptor (a riparian habitat approximately 150 feet to the east), and the 
presence of total heterotrophic hydrocarbon degraders and diesel-oxidizing degraders in 
aquifer soils at levels above those considered optimal (suggesting that natural 
attenuation is actively occurring at the site), the likelihood of diesel contamination 
from this site impacting human or sensitive ecological receptors is considered 
extremely small to negligible. 

• Cost. The costs for excavation with off-site disposal for the remaining estimated 50 
cubic yards of impacted soils ($114,250) are significant when considering that the 
remaining impacted soil is not believed to be a threat to human health or nearby 
sensitive ecological receptors. Such expenditures for additional active soil remediation 
are believed to be an unnecessary use of public resources. Perhaps equally or more 
importantly, such expenditures would, in light of MCB Camp Pendleton’s limited 
budget for environmental remediation, result in decreased availability of funds for 
remediation of sites that actually pose risks to human health or the environment. 

The costs for MNA for groundwater ($87,653) are considered necessary to evaluate 
potential seasonal changes in water quality, especially recently installed downgradient 
well MW14137-7, and to establish a high degree of certainty in the data to support 
regulatory site closure. 

• Time Frame. Data collected for this site indicate that the tank has been removed, the 
majority of contaminated soils have been removed, the remaining impacted soils 
(estimated 50 cubic yards) are not believed to be a significant source of continued 
contaminant release, groundwater downgradient around the former tank cavity is not 
significantly impacted, conditions for biodegradation are favorable (hydrocarbon 
degraders are naturally present in aquifer soils at levels considered optimal [EPA, 
1995]), contaminants are extremely unlikely to impact nearby sensitive receptors and 
the nearest municipal supply well (located 1.5 miles away), and groundwater in the 
immediate area is not expected to be used for any purpose in the foreseeable future. In 
consideration of all of the available information, it is believed that residual hydrocarbon 
contamination will be naturally remediated within a reasonable time frame. 

In summary, since there are no known current pathways for exposure to the remaining relatively 
small volume of impacted soils (estimated 20 cubic yards), remaining impacted soils are not 
believed to be a source of contaminant release, and the costs associated with removing the 
remaining impacted soils is considered significant, the no further action alternative for soil is 
requested for UST Site 2389. However, since seasonal groundwater quality data have not been 
obtained from the site, the MNA alternative is requested for groundwater.  It is recommended 
that 1 year of quarterly groundwater sampling be completed to evaluate potential seasonal 
changes in groundwater quality, and to obtain a high degree of confidence that groundwater is 
not impacted.  
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TABLE 2-1

INITIAL SITE ASSESSMENT SOIL SAMPLE RESULTS (1991/1992) AND UST REMOVAL SOIL 
SAMPLE RESULTS (1996),

UST SITE 14137, MCB CAMP PENDLETON, CALIFORNIA

Page 1 of 1

TPH-d TPH-g Benzene Toluene Ethylbenzene Xylenes TRPH

12/3/91 B14137-1-5 -- -- -- -- -- -- ND <10
12/3/91 B14137-1-8 -- -- -- -- -- -- 114
12/3/91 B14137-1-8D -- -- -- -- -- -- 123
12/3/91 B14137-1-10 -- -- -- -- -- -- ND <10
12/3/91 B14137-1-19 -- -- -- -- -- -- ND <10
12/3/91 GS14137-1-19 -- -- -- -- -- -- 11.9
1/31/92 B14137-2-5 -- -- -- -- -- -- ND <10
1/31/92 B14137-2-10 -- -- -- -- -- -- ND <10
1/31/92 B14137-2-15 -- -- -- -- -- -- ND <10
1/31/92 B14137-2-19 -- -- -- -- -- -- ND <10
1/31/92 B14137-2-19D -- -- -- -- -- -- ND <10
1/31/92 B14137-3-5 -- -- -- -- -- -- 60*
1/31/92 B14137-3-10 -- -- -- -- -- -- ND <10
1/31/92 B14137-4-5 -- -- -- -- -- -- ND <10
1/31/92 B14137-4-15 -- -- -- -- -- -- ND <10
2/18/92 MW14137-1-5 -- -- -- -- -- -- ND <10
2/18/92 MW14137-1-10 -- -- -- -- -- -- ND <10
2/18/92 MW14137-1-25 -- -- -- -- -- -- ND <10
2/18/92 MW14137-2-5 -- -- -- -- -- -- ND <10
2/18/92 MW14137-2-5D -- -- -- -- -- -- ND <10
2/18/92 MW14137-2-15 -- -- -- -- -- -- ND <10
2/18/92 MW14137-2-20 -- -- -- -- -- -- ND <10
2/18/92 MW14137-3-5 -- -- -- -- -- -- ND <10
2/18/92 MW14137-3-10 -- -- -- -- -- -- 177
2/18/92 MW14137-3-10D -- -- -- -- -- -- 252
2/18/92 MW14137-3-15 -- -- -- -- -- -- 52
2/18/92 MW14137-3-20 -- -- -- -- -- v ND <10

10/18/1996 14137-A-9' 7,900 ND < 10
10/18/1996 14137-B-9' 10,000 ND < 10
10/18/1996 14137-C-1.0' ND < 10 ND < 10

Notes:
* - sample contained asphalt
-- - not analyzed
MCB - Marine Corps Base
mg/kg - milligrams per kilogram
ND - not detected above laboratory reporting limits
TPH-d - total petroleum hydrocarbons quantified as diesel
TPH-g - total petroleum hydrocarbons quantified as gasoline
TRPH - total recoverable petroleum hydrocarbons
UST - Underground Storage Tank

UST Removal Results

-- -- -- -- --

Date Sample ID (mg/kg)
Initial Investigation Results
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TABLE 2-2

SITE INVESTIGATION STATIONARY LABORATORY ANALYTICAL RESULTS FOR SOIL 
UST SITE 14137, MCB CAMP PENDELTON, CALIFORNIA

Page 1 of 6
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Date Collected 11/4/98 11/4/98 11/4/98 11/5/98 11/5/98 11/5/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 3/11/00 3/11/00 3/11/00
Stationary Laboratory Analysis - TPH-d, TPH-g, MTBE, BTEX
Dilution Factor (Gasoline, BTEX, & MTBE) 5 1 200 1 1

Gasoline M8015V mg/kg 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 300(a) 4.1(a) 0.2J(a)

Benzene 8020 mg/kg 5 -- -- ND <26 -- -- -- -- -- -- -- -- -- -- -- 0.5J -- -- -- -- --
Ethylbenzene 8020 mg/kg 5 -- -- 12J -- -- -- -- -- -- -- -- -- -- -- 1J -- -- -- -- --
Toluene 8020 mg/kg 5 -- -- 9J -- -- -- -- -- -- -- -- -- -- -- 2J -- -- -- -- --
o-Xylene 8020 mg/kg 5 -- -- 7J -- -- -- -- -- -- -- -- -- -- -- ND <5.2 -- -- -- -- --
m/p-Xylene 8020 mg/kg 10 -- -- 17J -- -- -- -- -- -- -- -- -- -- -- 2J -- -- -- -- --
Xylenes (Total) 8020 mg/kg 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
MTBE 8020 mg/kg 25 -- -- ND <130 -- -- -- -- -- -- -- -- -- -- -- ND <26 -- -- -- -- --

Dilution Factor (Diesel & Motor Oil) 5 1 10 1 1
Diesel M8015E mg/kg 10 -- -- 730 -- -- -- -- -- -- -- -- -- -- -- ND <10 -- -- 5260 50 26
Motor oil M8015E mg/kg 10 -- -- ND <52 -- -- -- -- -- -- -- -- -- -- -- ND <10 -- -- 93J 4J 2J

Mobile Laboratory Analysis - TPH-d, TPH-g, MTBE, BTEX
TPH-d CA DHS mg/kg 10 130(b) 17(b) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND -- -- --
TPH-g CA DHS mg/kg 10 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND -- -- --
MTBE 8020 mg/kg 0.1 ND -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Benzene 8020 mg/kg 0.05 ND -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Toluene 8020 mg/kg 0.05 ND -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Ethylbenzene 8020 mg/kg 0.05 ND -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Xylenes 8020 mg/kg 0.15 ND -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Stationary Laboratory Results - Volatile Organic Compounds
Dilution Factor 10 10 1 1

Acetone 8260B mg/kg 100 ND <1100 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 220J 69J 48J
Benzene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Bromobenzene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Bromochloromethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Bromodichloromethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Bromoform 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Bromomethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
2-Butanone (MEK) 8260B mg/kg 100 ND <1100 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 66J ND <110 ND <100
n-Butylbenzene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
sec-Butylbenzene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 24J 0.9J ND <5.2
tert-Butylbenzene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 0.9J ND <5.2
Carbon disulfide 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Carbon tetrachloride 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Chlorobenzene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Chlorodibromomethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,2-Dibromomethane (EDB) 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Dibromomethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,2-Dichlorobenzene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,3-Dichlorobenzene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,4-Dichlorobenzene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
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TABLE 2-2

SITE INVESTIGATION STATIONARY LABORATORY ANALYTICAL RESULTS FOR SOIL 
UST SITE 14137, MCB CAMP PENDELTON, CALIFORNIA

Page 2 of 6
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Date Collected 11/4/98 11/4/98 11/4/98 11/5/98 11/5/98 11/5/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 3/11/00 3/11/00 3/11/00
Dichlorodiflouromethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,1-Dichloroethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,2-Dichloroethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,1-Dichloroethene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
cis-1,2-Dichloroethene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
trans-1,2-Dichloroethene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,2-Dichloropropane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,3-Dichloropropane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
2,2-Dichloropropane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,1-Dichloropropene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
cis-1,3-Dichloropropane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
trans-1,3-Dichloropropene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Ethylbenzene 8260B mg/kg 5 43J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 22J ND <5.4 ND <5.2
Hexachlorobutadiene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Isopropylbenzene (Cumene) 8260B mg/kg 5 9J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 14J ND <5.4 ND <5.2
p-Isopropyltoluene 8260B mg/kg 5 80 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 140 9 ND <5.2
Methylene chloride 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10J ND <5.4 ND <5.2
4-Methyl-2-pentanone (MIBK) 8260B mg/kg 50 ND <550 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <570 ND <54 ND <52
MTBE 8260B mg/kg 10 ND <110 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <110 ND <11 ND <10
Naphthalene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
n-Propylbenzene 8260B mg/kg 5 19J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 27J ND <5.4 ND <5.2
Styrene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,1,1,2-Tetrachloroethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,1,2,2-Tetrachloroethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Tetrachlorethene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Toluene 8260B mg/kg 5 9J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,2,3-Trichlorobenzene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,2,4-Trichlorobenzene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 2J ND <5.2
1,1,1-Trichloroethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,1,2-Trichloroethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Trichloroethene 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Trichloroflouromethane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,2,3-Trichloropropane 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
1,2,4-Trimethylbenzene 8260B mg/kg 5 120 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 260 6 ND <5.2
1,3,5-Trimethylbenzene 8260B mg/kg 5 90 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 25J 2J ND <5.2
Vinyl Chloride 8260B mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
o-Xylene 8260B mg/kg 5 60 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 24J ND <5.4 ND <5.2
m/p-Xylene 8260B mg/kg 5 100 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 18J ND <5.4 ND <5.2
Xylenes (Total) 8260B mg/kg 5 160 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <10.4
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Date Collected 11/4/98 11/4/98 11/4/98 11/5/98 11/5/98 11/5/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 3/11/00 3/11/00 3/11/00
Stationary Laboratory Results - Polynuclear Aromatic Hydrocarbons (PAH)
Dilution Factor 10 10 1 1

Acenaphthene 8310 mg/kg 50 ND <550 -- ND <570 ND <54 ND <52
Acenaphthylene 8310 mg/kg 20 ND <220 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <230 ND <22 ND <21
Anthracene 8310 mg/kg 2 30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 55 0.6J 0.5J
Benz[a]anthracene 8310 mg/kg 2 40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 180 3 2
Benzo[a]pyrene 8310 mg/kg 2 ND <22 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <23 ND <2.2 ND <2.1
Benzo[b]fluoranthene 8310 mg/kg 2 ND <22 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <23 ND <2.2 ND <2.1
Benzo[g,h,i]perylene 8310 mg/kg 2 ND <22 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <23 ND <2.2 ND <2.1
Benzo[k]flouranthene 8310 mg/kg 2 ND <22 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <23 ND <2.2 ND <2.1
Chrysene 8310 mg/kg 2 30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 54 0.5J 0.4J
Dibenz[a,h]anthracene 8310 mg/kg 5 ND <55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <57 ND <5.4 ND <5.2
Flouranthene 8310 mg/kg 2 120 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <23 ND <2.2 ND <2.1
Flourene 8310 mg/kg 2 58 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <23 ND <2.2 ND <2.1
Indeno[1,2,3-cd]pyrene 8310 mg/kg 2 ND <22 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <23 ND <2.2 ND <2.1
Naphthalene 8310 mg/kg 50 ND <550 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 250J ND <54 ND <52
Phenanthrene 8310 mg/kg 2 110 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1240 11 12
Pyrene 8310 mg/kg 2 130 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <23 ND <2.2 ND <2.1

Stationary Laboratory Results - SPLP TPH-d, TPH-g, MTBE, BTEX
Dilution Factor (Gasoline, BTEX, & MTBE) 10 1

Gasoline 8021B mg/L 0.05 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 17.5(a) 0.64(a) --
Benzene 8021B mg/L 0.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 0.1J --
Toluene 8021B mg/L 0.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 0.4J --
Ethylbenzene 8021B mg/L 0.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <0.5 --
o-Xylene 8021B mg/L 0.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 0.4J --
m/p-Xylene 8021B mg/L 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <10 0.7J --
MTBE 8021B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <50 2J --

Dilution Factor (Diesel & Motor Oil) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10 1 --
Diesel M8015E mg/L 0.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 72 7.8 --
Motor oil M8015E mg/L 0.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2J 0.3J --
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Date Collected 11/4/98 11/4/98 11/4/98 11/5/98 11/5/98 11/5/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 3/11/00 3/11/00 3/11/00
Stationary Laboratory Results - SPLP Volatile Organics
Dilution Factor 1 1

Acetone 8260B mg/L 100 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 18J 9J --
Benzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Bromobenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Bromochloromethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Bromodichloromethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Bromoform 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Bromomethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
2-Butanone (MEK) 8260B mg/L 100 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6J 5J --
n-Butylbenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
sec-Butylbenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2J ND <5 --
tert-Butylbenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Carbon disulfide 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Carbon tetrachloride 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Chlorobenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Chlorodibromomethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Chloroethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Chloroform 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Chloromethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
2-Chlorotoluene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
4-Chlorotoluene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,2-Dibromo-3-chloropropane (DB) 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,2-Dibromomethane (EDB) 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Dibromomethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,2-Dichlorobenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,3-Dichlorobenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,4-Dichlorobenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Dichlorodiflouromethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,1-Dichloroethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,2-Dichloroethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,1-Dichloroethene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
cis-1,2-Dichloroethene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
trans-1,2-Dichloroethene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,2-Dichloropropane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,3-Dichloropropane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
2,2-Dichloropropane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,1-Dichloropropene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
cis-1,3-Dichloropropane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
trans-1,3-Dichloropropene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Ethylbenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2J ND <5 --
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Date Collected 11/4/98 11/4/98 11/4/98 11/5/98 11/5/98 11/5/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 3/11/00 3/11/00 3/11/00
Hexachlorobutadiene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Isopropylbenzene (Cumene) 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1J ND <5 --
p-Isopropyltoluene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 15 0.6J --
Methylene chloride 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1J 0.8J --
4-Methyl-2-pentanone (MIBK) 8260B mg/L 50 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <50 ND <50 --
MTBE 8260B mg/L 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <10 ND <10 --
Naphthalene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
n-Propylbenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Styrene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,1,1,2-Tetrachloroethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,1,2,2-Tetrachloroethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Tetrachlorethene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Toluene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,2,3-Trichlorobenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,2,4-Trichlorobenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,1,1-Trichloroethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,1,2-Trichloroethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.8J ND <5 --
Trichloroethene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
Trichloroflouromethane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,2,3-Trichloropropane 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
1,2,4-Trimethylbenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 28 0.7J --
1,3,5-Trimethylbenzene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3J ND <5 --
Vinyl Chloride 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <5 --
o-Xylene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2J ND <5 --
m/p-Xylene 8260B mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2J ND <5 --
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Date Collected 11/4/98 11/4/98 11/4/98 11/5/98 11/5/98 11/5/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 11/4/98 3/11/00 3/11/00 3/11/00
Stationary Laboratory Results - SPLP PAHs
Dilution Factor 10 1

Acenaphthene 8310 mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <50 ND <5 --
Acenaphthylene 8310 mg/L 2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <20 ND <2 --
Anthracene 8310 mg/L 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.4J ND <0.2 --
Benz[a]anthracene 8310 mg/L 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 ND <0.2 --
Benzo[a]pyrene 8310 mg/L 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <2 ND <0.2 --
Benzo[b]fluoranthene 8310 mg/L 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <2 ND <0.2 --
Benzo[g,h,i]perylene 8310 mg/L 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <2 ND <0.2 --
Benzo[k]flouranthene 8310 mg/L 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <2 ND <0.2 --
Chrysene 8310 mg/L 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.8J ND <0.2 --
Dibenz[a,h]anthracene 8310 mg/L 0.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <5 ND <0.5 --
Flouranthene 8310 mg/L 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <2 ND <0.2 --
Flourene 8310 mg/L 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <10 ND <1 --
Indeno[1,2,3-cd]pyrene 8310 mg/L 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <2 ND <0.2 --
Naphthalene 8310 mg/L 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <50 ND <5 --
Phenanthrene 8310 mg/L 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 23 ND <1 --
Pyrene 8310 mg/L 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND <2 ND <0.2 --

Stationary Laboratory Results - Physical/Chemical/Biological/Indicators
Heterotrophic Plate Count SM9215 cfu/10g 1 1,800 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Hydrocarbon Degrader SM9215A MPN/g 23 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Moisture (Percent in Soil) ASTM-D2216 %Moisture 0.5 8.4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
pH 9045 pH unit 0.01 7.66 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Ammonia (NH4) 350.2 mg/kg 5 39 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Nitrate (NO3) as N SM4500NO3D mg/kg 5 4J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Eh ASTM1498 mV 1 336(c) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Orthophosphate 365.2 mg/kg 0.2 119 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Sulfate SO4 375.4 mg/kg 10 6.0J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Iron, Fe 6010 mg/kg 3 14,800 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Manganese, Mn 6010 mg/kg 0.5 223 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Notes:
-- - Not analyzed MCB - Marine Corps Base ND - Not found above the detection limit
µg/kg - micrograms per kilogram MDL - Method Detection Limit PAH - polynuclear aromatic hydrocarbon
(a) - Not a typical gas pattern.  Most of the peaks in the chromatogram correspond to the heavier portion of the chain. mg/kg - milligrams per kilogram PQL - Practical Quantitation Limit
(b) - Diesel range organics not identified as diesel mg/L -  milligrams per liter SPLP - Synthetic Precipitation Leachate Procedure
ASTM - American Society for Testing and Materials MTBE - methyl ter-butyl ether TPH-d -  total petroleum hydrocarbons quantified as diesel 
BTEX - benzene,toluene, ethylbenzene, total xylenes mV - millivolts TPH-g -  total petroleum hydrocarbons quantified as gasoline 
CA DHS - California Department of Health Services UST - Underground Storage Tank
cfu/g - colony forming units per gram
J - reported between PQL and MDL
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TABLE 2-3

SUMMARY OF HISTORICAL GROUNDWATER SAMPLING RESULTS,
UST SITE 14137, MCB CAMP PENDLETON, CALIFORNIA

Page 1 of 1

T
PH

-d

T
PH

-g

T
PH

-m
o

(mg/L) (mg/L) (mg/L)

MW1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

MW2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

MW3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

MW4 12/01/98 MW4 10 0.63(a) ND <5 7 J 2 J 8 J 20 431 130 J ND <10 ND <10 ND <10 -- 2 J 3 J 0.8 J 2 J 20 3 J 5 J 10 5 J 9 0.5

MW5 12/01/98 MW5 ND <0.5 -- ND <0.5 ND <5 ND <5 ND <5 ND <5 4 J 9 J ND <5 0.6 J ND <5 -- ND <5 ND <5 ND <5 ND <5 ND <5 2 J ND <5 ND <5 ND <5 ND <5 ND <0.2

MW6 12/01/98 MW6 ND <0.5 -- ND <0.5 ND <5 ND <5 ND <5 ND <5 ND <10 ND <100 0.9 J 1 J 0.5 J -- ND <5 ND <5 ND <5 ND <5 ND <5 4 J ND <5 ND <5 ND <5 ND <5 ND <0.2

MW1 03/14/06 0004-120 ND -- -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

MW2 03/14/06 0004-121 2.2 -- -- ND ND ND ND 9.5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

MW3 03/14/06 0004-123 ND -- -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

MW4 -- --

MW5 03/14/06 0004-122 ND -- -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

MW6 03/14/06 0004-119 ND -- -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

0004-124 0.25 -- -- ND ND ND ND 0.41 J ND 0.3 J ND ND 0.32 J ND ND ND ND ND ND ND ND ND ND ND

0004-125 (Dup) 0.26 -- -- ND ND ND ND 0.44 J ND 0.31 J ND ND 0.33 J ND ND ND ND ND ND ND ND ND ND ND
Notes:

UST - Underground Storage Tank
VOC - volatile organic compound

PAH - polynuclear aromatic hydrocarbon
TPH-d -  total petroleum hydrocarbons quantified as diesel 
TPH-g -  total petroleum hydrocarbons quantified as gasoline 
TPH-mo -  total petroleum hydrocarbons quantified as motor oil

(a) - Not a typical gas pattern. Most peaks on chromatogram correspond to heavier portion of carbon chain.
-- - not analyzed
μg/L -  micrograms per liter
Dup - duplicate sample

Not sampled
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March 2006 Groundwater Sampling Event

Not sampled
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Detected VOCs (μg/L)

MCB - Marine Corps Base
mg/L -  milligrams per liter
MTBE - methyl tert-butyl ether

ND - not detected above project reporting limits
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TABLE 2-4

SUMMARY OF SOIL EXCAVATION CONFIRMATION SAMPLE RESULTS, 
UST SITE 14137, MCB CAMP PENDLETON, CALIFORNIA

Page 1 of 1

Depth SPLP/TPH-d
(mg/kg) (mg/L ) (μg/L) (μg/L) (cfu/g) (cfu/g)

0004-073 2/3/06 East sidewall 10 ND -- -- -- --   

0004-074 2/3/06 West Sidewall (shallow) 4 780 -- -- -- -- --

0004-075 2/3/06 West sidewall (deep) 13 1,600 5 Ethylbenzene   0.51
Xylenes   0.83J   

Acenaphthene   1.3
Fluorene   4

Naphthalene   7.7
Phenanthrene   6.2

2.50E+03 1.66E+03

0004-076 2/3/06 North sidewall 10 53 -- -- -- -- --

0004-077 2/3/06 South sidewall (shallow) 4 ND -- -- -- -- --

0004-078 2/3/06 South sidewall (deep) 12 6,700 30
Ethylbenzene   5.3

Xylenes   6.8
Toluene  0.65         

Acenaphthene   6.3J
Fluorene   23

Naphthalene   65
Phenanthrene   43

Pyrene   2.2J

-- --

0004-079 2/3/06 South sidewall (dup) (deep) 12 6,200 34
Ethylbenzene   4.8

Xylenes   7.9
Toluene  0.63         

Acenaphthene   4.9J
Fluorene   16J

Naphthalene   54
Phenanthrene   25 

-- --

0004-080 2/3/06 Excavation bottom (north side) 17 ND -- -- -- -- --

0004-081 2/3/06 Excavation bottom (south side) 17 14 -- -- -- -- --

Notes:

-- - not analyzed mg/L - milligrams per liter
μg/L - micrograms per liter ND - not detected above laboratory reporting limits
cfu/g - colony forming units per gram PAH - polynuclear aromatic hydrocarbon 
dup - field duplicate sample SPLP - Synthetic Precipitation Leaching Procedure
J - estimated value; value falls between the method detection limit and the project reporting limit TPH-d - total  petroleum hydrocarbons quantified as diesel
MCB - Marine Corps Base VOC - volatile organic compound 
mg/kg - milligrams per kilogram UST - Underground Storage Tank

Sample 
Number

Detected 
SPLP/VOCs

Detected 
SPLP/PAHs

Total Diesel 
Oxidizing BacteriaTPH-d

Total Aerobic 
Heterotrophic 

Bacteria
Date 

Sampled Location
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TABLE 2-5

SUMMARY OF EXCAVATION FILL MATERIAL SAMPLE RESULTS, 
UST SITE 14137, MCB CAMP PENDLETON, CALIFOFRNIA

Page 1 of 1
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mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg percent N/A

0004-070 1/12/2006 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND --

0004-071 1/12/2006 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ND --

0004-072 1/17/2006 ND ND 2.07 92.2 0.402J 0.225J 23.5 5.78 17.7 7.39 1.15J ND 16.1 0.784J 0.624J 7.23 33.1 49.2 -- 8.11

N/A 31 0.0062 5400 150 37 30 900 3,100 150 390 23 160 390 390 5.2 78 23,000 -- --

Notes:

-- - not analyzed

N/A - not applicable
EPA - U.S. Environmental Protection Agency
J - estimated value; value falls between the method detection limit and the project reporting limit
MCB - Marine Corps Base
mg/kg - milligrams per kilogram
ND - not detected above laboratory reporting limits
PRG - Preliminary Remediation Goal
TPH-d - total petroleum hydrocarbons quantified as diesel
UST - Underground Storage Tank

pHDate 
SampledSample ID

EPA Residential PRGs

TPH-d

Title 22 Metals

Asbestos
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TABLE 2-6

SUMMARY OF HISTORICAL GROUNDWATER ELEVATIONS, 
UST SITE 14137, MCB CAMP PENDLETON, CALIFORNIA

Page 1 of 1

Monitoring 
Well ID

Well Screen 
Interval

(feet btoc)

Reference Point 
(toc) Elevation 

(feet amsl)
Date Measured Depth to Water 

(feet btoc)

Groundwater 
Elevation      
(feet amsl)

12/1/1998 6.19 278.37
3/14/2006 6.84 277.72
12/1/1998 6.74 277.28
3/14/2006 7.29 276.73
12/1/1998 7.38 275.38
3/14/2006 7.66 275.10
12/1/1998 34.97 247.07
3/14/2006 7.70 274.34
12/1/1998 6.58 278.31
3/14/2006 6.74 278.15

Not installed -- --
3/14/2006 7.82 275.31

Notes:
(1) assumed similar depths to MW3
amsl - above mean sea level
btoc - below top of casing
MCB - Marine Corps Base
N/A - not available
toc -  top of casing
UST - Underground Storage Tank

MW7

MW3

MW5 5 - 15

MW6 5 - 15

282.04

284.89

283.13

39,010.00

5 - 15

284.56

284.02

282.76

MW1 10 - 20 (1)

MW2 10 - 20 (1)
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TABLE 4-1 

PROPOSED CLEANUP OBJECTIVES FOR CONTAMINANTS,  
UST SITE 14137, MCB CAMP PENDLETON, CALIFORNIA 

14137 Final CAP.doc  Final Corrective Action Plan 
UST Site 14137, MCB Camp Pendleton 

DCN: SES-TECH-06-0060 
CTO No. 0004, 06/09/06 

Constituent Groundwater Soil 

TPH-d 100 μg/L(a) SPLP<Groundwater Objective 

Benzene 1.0 μg/L(b) SPLP<Groundwater Objective 

Toluene 150 μg/L(b) SPLP<Groundwater Objective 

Ethylbenzene 680 μg/L(b) SPLP<Groundwater Objective 

Total Xylenes 1,750 μg/L(b) SPLP<Groundwater Objective 

Benzo[a]pyrene 0.2 μg/L(b) SPLP<Groundwater Objective 

Phenanthrene 1.0 μg/L(b) SPLP<Groundwater Objective 

Notes: 

(a) Secondary taste and odor threshold 
(b) Maximum Contaminant Levels 

μg/L − micrograms per liter 
MCB − Marine Corps Base 
SPLP − Synthetic Precipitation Leaching Procedure 
TPH-d − total petroleum hydrocarbons quantified as diesel 
UST – Underground Storage Tank 
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TABLE 5-1 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR SOIL,  
UST SITE 14137, MCB CAMP PENDLETON, CALIFORNIA 

General 
Response 
Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

Active 
Remediation 

In situ 
biological 
treatment. 

Bioventing/ 
Biosparging:  

Introduce oxygen 
into the impacted 
soils in both the 
vadose zone and 
saturated zone (most 
of the remaining 
contamination is 
below groundwater) 
to increase the 
biological activity of 
native 
microorganisms. 

Moderate: 

 Oxygen is typically the 
limiting factor for aerobic 
bioremediation, and adding 
oxygen has been shown to be 
effective to reduce 
concentrations of petroleum 
contaminants adsorbed to 
soil particles both above and 
below the water table.  
However, during 
groundwater sampling and 
soil excavation activities, 
groundwater recharge was 
very slow, suggesting that 
soil permeabilities are low, 
which will inhibit the 
effectiveness of 
bioventing/biosparging.  

Moderate:  

Bioventing/biosparging are 
conventional, well-known 
technologies. However, 
bioventing/biosparging in 
soils with low permeabilities 
would potentially require 
numerous injection wells on 
a tight grid pattern. 

 

 

Moderate:  

Depends on the number 
of injection wells required 
and the length of time it 
would take for 
contaminant levels to 
drop in the low-
permeability soil.  It is 
conservatively assumed 
that 5+ years of 
bioventing/biosparging 
may be required. 

Eliminated:  

Even though 
bioventing/biosparging is an 
effective in situ remedial 
alternative, it is eliminated due to 
the relatively low volume of 
hydrocarbon contamination left 
(estimated 50 cubic yards) and the 
low-permeability soils.  With the 
low-permeability soils, 
implementing 
bioventing/biosparging will likely 
be difficult, and may not be very 
effective. 

Active 
Remediation 

Removal. Excavation/Disposal: 

Excavation with off-
site disposal of 
remaining impacted 
soils in both the 
vadose zone and the 
saturated zone. 

High:  

Provides long-term 
effectiveness and 
permanence. Provides 
protection of human health 
and the environment by 
reducing or eliminating the 
volume of contaminated 
soils.  

Difficult:  

Excavation is a conventional 
and well-established 
technology; however, the 
remaining impacted soils are 
located beneath and Building 
14137. Extensive shoring 
and building support would 
be required.  

High:  

An extensive effort would 
be required to excavate 
contaminated soil below 
groundwater beneath 
Building 14137.  
Extensive shoring and 
building support would be 
required. 

Retained:  

Even though excavation would be 
difficult and expensive to 
implement, it is considered the best 
active remedial alternative available 
for the site.  

14137 Table 5-1.doc  Final Corrective Action Plan 
UST Site 14137, MCB Camp Pendleton 

DCN: SES-TECH-06-0060 
CTO No. 0004, 06/09/06 



Page 2 of 3 
TABLE 5-1 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR SOIL,  
UST SITE 14137, MCB CAMP PENDLETON, CALIFORNIA 

General 
Response 
Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

Active 
Remediation 

In situ chemical 
treatment. 

Chemical oxidation:  

Introduce a chemical 
oxidant to either 
destroy or degrade 
contaminants. 

High:  

Where implementable, this 
technology has been shown 
to remediate hydrocarbons in 
soil in both the vadose zone 
and the saturated zone. The 
oxidants used are readily 
available and treatment time 
is usually measured in 
months, as opposed to years. 

Difficult:  

Based on the presence of 
low-permeability soils, 
which will inhibit the 
oxidants to readily infiltrate 
the formation.  A pilot test 
would be recommended.  In 
addition, this technology is 
not commonly recommended 
for impacted soils near 
buildings due to potential 
exothermic reactions. 

Moderately high:  

Potentially extensive 
drilling because of low-
permeability soils and 
extensive monitoring 
activities because of 
Building 14137 would 
increase costs. 

Eliminated:  

Based on the low-permeability 
soils, this technology may be 
difficult to implement or potentially 
not implementable at all.  The low-
permeability soils and adjacent 
Building 14137 are not well-suited 
for in situ chemical oxidation. 
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TABLE 5-1 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR SOIL,  
UST SITE 14137, MCB CAMP PENDLETON, CALIFORNIA 

General 
Response 
Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

No Further 
Action 

Not applicable.  Not applicable.  High:  

Natural attenuation has been 
shown to be effective at 
petroleum sites for the long-
term, permanent removal of 
hydrocarbon contaminants.  
Impacted soils both above 
and below groundwater were 
removed to the extent 
practical, and an estimated 
50 cubic yards of 
hydrocarbon-impacted soil 
remain on site.  Since data 
indicate that total aerobic 
heterotrophic bacteria and 
total diesel-oxidizing 
bacteria are naturally present 
in soil at levels above those 
considered optimal (EPA, 
1995), it is believed natural 
attenuation will occur at the 
site.   

Easy:   

No additional soil remedial 
activities would be 
performed.  

Low:  

Since there would be no 
additional soil 
remediation, there would 
no additional soil 
remediation costs.  The 
only cost would be 
associated with 
abandoning the 
groundwater monitoring 
wells after regulatory site 
closure. 

 

Retained:  

It is believed that the relatively low 
volume (50 cubic yards) of 
remaining petroleum-impacted soils 
(in both the vadose zone and the 
saturated zone) will attenuate 
naturally, especially since total 
aerobic heterotrophic bacteria and 
total diesel-oxidizing bacteria are 
naturally present at the site at levels 
above those considered optimal 
(EPA, 1995). 

Notes: 

EPA – U.S. Environmental Protection Agency 
MCB – Marine Corps Base 
UST – Underground Storage Tank 
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TABLE 5-2 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER,  
UST SITE 14137, MCB CAMP PENDLETON, CALIFORNIA 

General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

No Further Action Not 
applicable. 

Not applicable.  High:  

Hydrocarbon constituents are 
readily biodegradable and the 
nearest municipal supply well is 
1.5 miles away.  Analytical data 
indicate that hydrocarbon-
degrading bacteria are present in 
aquifer soils at levels above those 
considered optimal by the EPA.  

Easy:  

No remedial activities 
would be performed. 
Site closure would be 
complete after the 
destruction of the 
existing groundwater 
monitoring wells. 

Low:  

Costs to destroy existing 
wells would be relatively 
low. 

 

Retained:   

Assumes site closure 
would be considered 
appropriate under existing 
conditions.  

Limited Action Remediation  
by monitored 
natural 
attenuation. 

Groundwater 
monitoring: 

Groundwater 
monitoring program to 
verify that contaminant 
levels are stable or 
decreasing. 

High:   

Hydrocarbon constituents are 
readily biodegradable, and the 
nearest municipal supply well is 
1.5 miles away.  Analytical data 
indicate that hydrocarbon-
degrading bacteria are present in 
aquifer soils at levels above those 
considered optimal by the EPA. 

Moderately easy:   

Consists of periodic 
groundwater 
monitoring to assess 
contaminant 
disappearance.  

Moderate:   

It is assumed that a 1-year 
quarterly monitoring 
program would be sufficient 
to evaluate seasonal changes 
and develop a high degree 
of confidence in the 
sampling data. 

Retained:   

Relatively easy to 
implement. 
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TABLE 5-2 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER,  
UST SITE 14137, MCB CAMP PENDLETON, CALIFORNIA 

General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

Active 
Remediation 

In situ 
biological 
treatment. 

Biosparging:  

Introduce oxygen into 
the saturated zone by 
pumping air into the 
subsurface. 

Moderate:  

Oxygen is typically the limiting 
factor for aerobic bioremediation, 
and adding oxygen has been 
shown to be effective to reduce 
concentrations of petroleum 
contaminants below the water 
table.  However, during 
groundwater sampling and soil 
excavation activities, 
groundwater recharge was slow, 
indicating that soil permeabilities 
are low, which will inhibit the 
effectiveness of biosparging.  

Moderate:  

Biosparging is a 
conventional, well-
known technology. 
However, biosparging 
in soils with low 
permeabilities would 
potentially require 
numerous injection 
wells on a tight grid 
pattern. 

 

 

Moderate:  

Depends on the number of 
injection wells required and 
the length of time it would 
take for contaminant levels to 
drop in the low-permeability 
soil.  It is conservatively 
assumed that several years of 
biosparging may be required. 

Eliminated:  

Even though biosparging is 
an effective in situ 
remedial alternative, it is 
eliminated due to the 
relatively low levels of 
hydrocarbon 
contamination left in 
groundwater and the low-
permeability aquifer.  With 
the low-permeability soils, 
implementing biosparging 
will likely be difficult. 

Active 
Remediation 

In situ 
biological 
treatment. 

Addition of ORC to the 
contaminated zone: 

ORC is a patented 
formulation of 
magnesium peroxide 
that produces a slow, 
sustained source of 
oxygen in groundwater, 
which enhances the 
ability of indigenous 
microorganisms to 
degrade fuel 
hydrocarbons. 

High:   

Oxygen is typically the limiting 
factor for aerobic bioremediation, 
and adding oxygen has been 
shown to be effective at similar 
sites. Contrary to biosparging, 
which relies on pressure to push 
air into the groundwater, ORC 
provides high concentrations of 
molecular oxygen that migrate 
into the contaminated aquifer via 
diffusion, and thus is not as 
restricted by low-permeability 
soils as biosparging. 

Moderate:  

ORC is applied to the 
subsurface via push-
point injection. 

Moderately high:  

Costs include purchasing 
ORC and applying it to the 
subsurface, with periodic 
groundwater monitoring.  
Multiple injections would 
likely be required. 

Eliminated:  

The effort and costs are not 
justified based on the low-
permeability soils and the 
low potential for adverse 
impacts from the site to 
sensitive receptors or 
nearby water resources 
(refer to Section 3.3). 
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TABLE 5-2 

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER,  
UST SITE 14137, MCB CAMP PENDLETON, CALIFORNIA 

General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

Active 
Remediation 

In situ 
chemical 
treatment. 

Chemical oxidation:  

Introduce a chemical 
oxidant into the 
saturated zone either to 
destroy or degrade 
contaminants. 

Moderate to high:  

Technology has been shown to 
remediate hydrocarbons in 
groundwater. The oxidants used 
are readily available, and 
treatment time is usually 
measured in months as opposed 
to years. 

Difficult:  

Impacted saturated 
soils have low 
permeability.  Also, 
this technology is not 
recommended near 
buildings due to 
potential exothermic 
reactions. 

Moderate to high:  

Potentially extensive drilling 
(due to low permeability 
soils) and monitoring 
activities would increase 
costs. 

Eliminated:  

The effort and costs are not 
justified based on the low-
permeability soils and the 
low potential for adverse 
impacts from the site to 
sensitive receptors or 
nearby water resources 
(refer to Section 3.3). 

Active 
Remediation 

Ex situ pump 
and treat. 

Groundwater 
Extraction: 

Groundwater extraction 
coupled with 
adsorption/destruction 
processes such as air 
stripping, or granular 
activated carbon and 
reintroduction of treated 
water back into the 
aquifer. 

Low:  

Readily capable of removing 
contaminants from extracted 
water. However, hydrocarbon 
compounds typically adsorb 
strongly to soil particles, 
necessitating system operation 
over an extensive period of time, 
and disproportionately large 
groundwater extraction volumes. 

Moderate:  

Ex situ pump and treat 
is a conventional and 
established 
technology; however, 
an extended period of 
extraction would likely 
be required based on 
the low permeability of 
the aquifer material. 

Very high:  

High capital and O&M costs. 
Involves system operation 
over a potentially long period 
of time, transport of waste off 
site, and associated 
permitting. 

Eliminated:  

Low effectiveness and 
very high cost eliminate 
pump and treat as a 
feasible option. 

Notes: 

EPA – U.S. Environmental Protection Agency 
MCB – Marine Corps Base 
O&M – operation and maintenance 
ORC – Oxygen Release Compound 
UST – Underground Storage Tank 
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